Objective: To precisely describe the initial psychiatric presentation of patients with anti-NMDA receptor (NMDAR) antibodies encephalitis (anti-NMDAR encephalitis) to identify potential clues enhancing its early diagnosis.
characterized by an association of psychotic symptoms, epilepsy, abnormal movements, and amnesia. 2, 10 Its psychiatric presentation generally precedes neurologic signs and symptoms, which explains why patients are often first hospitalized in psychiatric departments before being transferred to medical care units. 2, 10 Many publications even suggest the presence of an isolated psychiatric presentation, 8, [11] [12] [13] which may reduce the chances of a correct diagnosis and specific treatment. The prognosis seems to depend on the rapidity of the initiation of an immunomodulatory treatment. 2 Thus, a more precise description of initial psychiatric symptoms may help physicians to consider this diagnosis, and look for anti-NMDAR antibodies. Thus, in order to improve early identification of anti-NMDAR encephalitis when patients have an initial psychiatric presentation, the aim of this retrospective study was to precisely describe the initial clinical signs and symptoms that led to hospitalization in a psychiatric department and the reasons underlying the exploration of anti-NMDAR encephalitis hypothesis.
METHODS Patient selection. All the patients diagnosed with
anti-NMDAR encephalitis in the French Autoimmune Encephalitis and Paraneoplastic Neurologic Syndrome Reference Center from October 2007 to October 2014 were included in the study. For anti-NMDAR encephalitis to be considered, the patients must be positive for immunoglobulin G-NMDAR in the CSF and fulfill the following previously established and now internationally recognized criteria 2, 10, 14 : (1) CSF samples must produce a specific pattern of neuropil rat brain hippocampus immunostaining and (2) CSF samples must yield a positive cell-based assay on HEK293 cells expressing both GluN1 and GluN2B subunits of the NMDAR (figure e-1 at Neurology.org/nn). 2, 10, 14 Standard protocol approvals, registrations, and patient consents. Written consent was obtained from all patients for analysis of samples for research purposes, review of clinical information, and publication, and this study was approved by the Institutional Review Board of the University Claude Bernard Lyon 1 and Hospices Civils de Lyon. Samples were deposited in the collection of biological samples named Neurobiotec registered as the Biobank of the Hospices Civils de Lyon.
Clinical data collection. Even if all the anti-NMDAR antibodies were identified in our reference center, most of the patients in our cohort were not hospitalized in our department. Thus, for every patient with a confirmed diagnosis of anti-NMDAR encephalitis, clinical and paraclinical information were collected since October 2007 by phone and mail. Information regarding all clinical and psychiatric signs and symptoms and case evolution consisted of a medical record. In November 2014, we systematically and retrospectively studied every medical record in the database involving patients aged 16 years or older at the time of diagnosis. We excluded children from this study to avoid differences in the clinical management of psychiatric symptoms between children and adults in France. The following information was recorded: age, sex, initial and subsequent clinical presentations, detailed psychiatric and neurologic signs and symptoms before adequate treatment and during follow-up, psychiatric hospitalization and duration, psychotropic treatments prescribed, reasons for a secondary transfer to a medical or intensive care unit, and presence of an ovarian teratoma.
Psychiatric presentations were defined as presence of mood symptoms/disorder, eating disorder, anxiety symptoms/disorder, psychotic symptoms, delusion, or hallucination before prescription of an immunomodulatory treatment or during follow-up. Isolated agitation or confusion was not considered as a psychiatric presentation. Isolated psychiatric presentation was defined as psychiatric symptoms without any documented neurologic clinical signs and symptoms. Antipsychotic drug intolerance was defined as a serious drug adverse event occurring when antipsychotics were prescribed, such as fever, decreased alertness, or unusual extrapyramidal rigidity.
RESULTS Patients' initial signs and symptoms. A total of 175 medical records of patients with anti-NMDAR encephalitis were available in the French database. We excluded 47 patients because they were younger than 16 years and 17 others because of insufficient medical information in the case notes. Each of the 111 patients included had their first evaluation in an emergency department. Median age was 24 years (16-76 years), and 95 were women (86%). Sixty-five of 111 (58.6%) presented or reported various psychiatric symptoms. The complaints, neurologic signs and symptoms, or syndromes are summarized in table 1.
The majority of the patients (n 5 68; 61.3%) were immediately hospitalized in a medical unit (internal medicine or neurology) or intensive care department, and 43 patients (38.7%) were first hospitalized in psychiatric departments. Among the 68 patients hospitalized in a medical unit, 2 were secondarily transferred to a psychiatric department before they were finally correctly diagnosed. The reasons for an admission to 
Mystical ideas 4 (6)
Unspecified delusions 2
Isolated dissociation 2
Erotomania 1
Paranoid symptoms 1

Anorexia nervosa 1
Bulimia 1
Addictive disorder 1
Post traumatic stress disorder 1 psychiatry for these 2 patients were "acute psychotic episode" and "psychogenic nonepileptic seizures."
Characteristics of patients hospitalized in psychiatric departments. A total of 45 patients (40.5%) were hospitalized in psychiatric departments (43 first admitted and 2 secondarily transferred). The majority of these patients were women (n 5 41; 91%). There was no significant difference in admission rate in psychiatry between men and women (test x 2 , p 5 0.35). Median age in these 45 patients was 24 years (17-48 years). For the majority of patients, it was their first episode of psychiatric symptoms (n 5 39; 87%). However, 6 patients (13%) had a previous psychiatric episode, and for all of these cases, it was retrospectively suspected that they had previously undiagnosed anti-NMDAR encephalitis (see table e-1 for details). More than half of the 43 patients first hospitalized in psychiatric services (n 5 22; 51.1%) had one or more neurologic symptoms observed during their first emergency department evaluation. These signs and symptoms included headaches (n 5 8), confusion or spatial/ temporal disorientation (n 5 7), anterograde amnesia (n 5 5), tonic-clonic seizure (n 5 5), paresthesia (n 5 3), shivers or abnormal movements (n 5 2), aphasia or dysarthria (n 5 2), and cognitive impairment (n 5 1).
Reasons for transfer from psychiatric departments. Every patient who was initially hospitalized in psychiatry was transferred to another medical unit, most typically an intensive care unit, because another diagnosis than psychiatric disease was suspected but the diagnosis of anti-NMDAR encephalitis was not made at this stage. The reasons for the transfers were known for all 45 patients and are summarized in figure 1 .
Interestingly, for one patient, the only abnormal neurologic sign leading to transfer was a pure anterograde amnesia detected only after a discussion with her parents and a clinical examination. This young woman had been treated for 1.5 years with a diagnosis of schizophrenia and was hospitalized after a second episode of abnormal behavior (table e-1, patient 2).
Among the 21 patients transferred for suspicion of antipsychotic intolerance (table 2), 18 (86%) had a temperature above 38.5°C associated with decreased alertness (n 5 9), coma (n 5 2), catatonia (n 5 3), or muscular rigidity (n 5 6). For all of these patients, documented evidence showed that antipsychotic drugs were administered hours or days before the emergent high temperature, suggesting neuroleptic malignant syndrome (NMS). Biological data were available in 13 patients (table 2) . Creatine phosphokinase (CPK) level was available for 10 patients and suggested rhabdomyolysis (CPK .1,000 UI/L) in 7 patients (range 105-4,495 UI/L, median 1,513 UI/L, n 5 15-130 UI/L). Serum sodium was available for 10 patients and 7 patients had hypernatremia (Na 1 133-160 mEq/L, median 148 mEq/L, n 5 135-145 mEq/L). Leukocyte count was available in 10 patients, and elevated in all patients, without evidence of infection (leukocytes 12-23 G/L, median 14.9 G/L, n 5 4-10 G/L). Antipsychotic drugs were either first-generation (loxapine, cyamemazine, levomepromazine, zuclopenthixol, haloperidol) or second-generation (risperidone, olanzapine, aripiprazole), with 7 patients receiving drugs from both generations simultaneously. We did not identify any differences in the tolerance between first-and second-generation antipsychotics. Three other patients were transferred with a suspicion of NMS: 2 with hypothermia (33°C and 30.5°C, respectively), and 1 with a significantly disturbed level of vigilance ( For the remaining 5 patients (11%), the reasons for transfer were an abnormal brain MRI with nonspecific fluid-attenuated inversion recovery hypersignals for 2 cases, with one performed prior to a planned course of electroconvulsive therapy (ECT) and the other to explore the reasons behind self-mutilation. In another case, an EEG proved abnormal. Of the last 2 patients, one had tachycardia, with a suspicion of pulmonary Reasons for transfer of the 45 patients hospitalized in the psychiatry department This patient presented with a severe major depressive disorder, which was resistant to psychotropic or antidepressant drugs. A transfer was finally organized 2 months later after an abnormal brain MRI was performed prior to a planned course of ECT.
Treatment and outcome. After the diagnosis of anti-NMDAR encephalitis, all of the patients were treated with immunomodulators (combination of steroids, immunoglobulins, cyclophosphamide, or rituximab).
We studied the outcome of the 109 patients, with a median follow-up time longer than 2 years (figure 2). The median time to total recovery (modified Rankin Scale score 1 or 0) was 9 months, and the total recovery rate was 90% at 24 months. We observed no differences in the recovery rate between patients who were first hospitalized in psychiatric institutions vs other medical departments or in the recovery rates of patients with or without antipsychotic drug intolerance.
DISCUSSION Overall, our data show, as suggested by other authors, [7] [8] [9] [10] [11] [12] [13] that psychiatric presentations in patients with anti-NMDAR encephalitis are heterogeneous, with several different psychiatric signs, symptoms, or syndromes with no psychiatric clinical characteristics specific to anti-NMDAR encephalitis.
Our results also outline that emergency physicians, neurologists, and psychiatrists must systematically search for associated discreet neurologic signs and symptoms relevant to encephalitis in young patients with psychiatric symptoms. Indeed, more than half (n 5 24) of the 45 patients hospitalized in psychiatric departments had neurologic signs at the first evaluation. Despite the presence of these comorbid elements, the patients were not correctly diagnosed or hospitalized in an appropriate unit and did not receive the medical investigations required for diagnosis of encephalitis. Many patients had a normal neuroimaging, which was misinterpreted to support a primary psychiatric etiology of symptoms and signs, but neuroimaging is frequently normal in anti-NMDAR encephalitis. 2, 11 An interesting observation was the very high rate of possible antipsychotic drug intolerance in our /L).
Neurology: Neuroimmunology & Neuroinflammationseries. Some previous publications have reported a similar phenomenon in a few case reports, [15] [16] [17] [18] but the extremely high rate in our cohort is unprecedented. In several medical records, psychiatrists had diagnosed NMS or malignant catatonia, which are extremely rare conditions that are reported in fewer than 0.1% of patients hospitalized in psychiatric institutions. 19 In particular, it should be stressed that one patient presented with 3 previous psychiatric episodes, separated by many years, and for each episode, she had experienced severe intolerance to antipsychotic drugs. DSM-5 20 and DSM-IV 21 do not provide an exact list of criteria for NMS, and we did not have enough information on the 21 patients to strictly confirm the diagnosis of NMS, but the significantly high rate of fever with abnormal biological data in our patients receiving antipsychotic drugs and the absence of such clinical presentation in the group of patients who were not treated with antipsychotic drugs suggests the existence of a pathophysiologic overlap between NMS, malignant catatonia, and anti-NMDAR encephalitis.
Interestingly, hypofunction of glutamatergic neurotransmission has been proposed in the etiology of NMS, 22 although amantadine, a weak NMDA receptor antagonist, improves NMS symptoms in a Parkinson disease model. 23, 24 Beyond the apparent contradiction of glutamatergic functioning, the pathophysiologic interplay between the NMDAR and dopaminergic receptors, and more generally monoamine signaling, emerges as a core mechanism in several neuropsychiatric disorders. Any alteration in NMDAR signaling at the neuronal surface (as reported in anti-NMDAR encephalitis 25, 26 ) can modify the trafficking and thus signaling of dopamine receptors, through direct interactions between receptors or intracellular signaling cascades. [25] [26] [27] Thus, antipsychotic drugs could either alleviate or worsen NMDAR-based symptoms based on their range of action on the monoamine systems and our results suggest extreme caution in the use of antipsychotic drugs in patients with anti-NMDAR encephalitis. Clearly, suspicion of antipsychotic intolerance is a very important alarm to suspect anti-NMDAR encephalitis and may lead psychiatrists to investigate such a diagnosis.
Some limitations of the present study must be discussed. As a retrospective cohort study, selection bias and information bias may limit the strength of our results. Furthermore, physicians may have changed since 2007 and probably discuss more frequently the diagnosis of anti-NMDAR encephalitis in front of acute psychiatric symptoms. Our main result concerning neuroleptic intolerance is limited by the lack of more specific clinical and paraclinical details. Similarly, presence or absence of discreet neurologic or psychiatric signs and symptoms must be considered with caution due to possible variability in detailed examinations among patients.
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